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3HUVLVWHQFH/RVVDQG*DLQ&KDUDFWHULVLQJ0DWXUH*UHHQ9HJHWDWLRQE\)XQFWLRQDO
&RPSRVLWLRQ 
&KULVWLQH7KXULQJDQG1LJHO'XQQHWW 
 
$EVWUDFW 
/LNHDQ\FRQVWUXFWHGHFRV\VWHPWKHYHJHWDWLRQRIH[WHQVLYHJUHHQURRIV(*5VZLOO
FKDQJHRYHUWLPH$OWKRXJKWKLVPD\LQIOXHQFHWKHGHVLUHGIXQFWLRQDQGSHUIRUPDQFHOLWWOH
ZRUNKDVH[DPLQHGWKHIORULVWLFG\QDPLVPRI(*5VRYHUWKHORQJWHUP9DULDWLRQVLQVSHFLHV
FRPSRVLWLRQPD\EHDVVRFLDWHGZLWKRULJLQDOVSHFLHVSHUVLVWHQWRUORVWFRORQLVHUVJDLQHG
RUWKHHIIHFWVRIVSDWLDOKHWHURJHQHLW\7KLVSDSHUUHSRUWVRQIORULVWLFYDULDWLRQRIWZR
XQPDQDJHG*HUPDQ(*5VWZHQW\\HDUVDIWHULQVWDOODWLRQ7RHYDOXDWHIORULVWLFFKDQJHWKH
DQDO\VHVIRFXVHGRQIXQFWLRQDOFRPSRVLWLRQDQGSODQWVWUDWHJLHVVHQVX*ULPH
V&65WKHRU\
UHIHUULQJWRWKHEDVLFDGDSWLYHVWUDWHJLHVRIFRPSHWLWLRQVWUHVVWROHUDQFHDQGUXGHUDOLW\DQG
WKHLUGHULYDWLYHV:LWKUHIHUHQFHWRRULJLQDOGRFXPHQWDWLRQOHVVWKDQKDOIWKHRULJLQDOVSHFLHV
SHUVLVWHG,QVSLWHRIWKHORVVHVERWKURRIVKDGHQWLUHFRYHURUQHDUO\VRWKDQNVWRFRORQLVLQJ
VSHFLHV7KHJHQHUDOLVWVWUDWHJ\&65VWUDWHJLVWVZDVWKHPRVWLPSRUWDQWIXQFWLRQDOWUDLWLQ
WKHREVHUYHGYHJHWDWLRQIROORZHGE\VWUHVVWROHUDQFHDQGWKHQE\YDULDWLRQVLQVWUHVVWROHUDQW
UXGHUDOLW\7KHIXQFWLRQDOFRPSRVLWLRQRIFRORQLVLQJVSHFLHVZDVFKLHIO\UXGHUDOVIROORZHGE\
VWUHVVWROHUDWRUVDQGJHQHUDOLVWV7KHGULYHUVEHKLQGWKHVHFKDQJHVUHODWHWRWKHSUHVVXUHVRI
VWUHVVGLVWXUEDQFHDQGFRPSHWLWLRQDVZHOODVVSDWLDOKHWHURJHQHLW\DQGVWUDWHJLHVIRU
GLVSHUVDODQGUHJHQHUDWLRQVHHGEDQNDQGSURSDJXOHVRXUFHV7KLVVWXG\VXJJHVWVWKDWORQJ
WHUPIORULVWLFGLYHUVLW\PD\EHIDFLOLWDWHGE\HQVXULQJDGLYHUVLW\RIWUDLWVDQGVSHFLHVIURPWKH
VWDUWE\SURYLGLQJVSDWLDOKHWHURJHQHLW\DQGE\FRQVLGHULQJWKHPHFKDQLVPVWKDWVXSSRUW
SHUVLVWHQFHDQGWKRVHZKLFKGHWHUPLQHFRORQLVDWLRQ 
ヲ 
1. ,QWURGXFWLRQ 
([WHQVLYHJUHHQURRIVSURYLGHPXOWLSOHHFRV\VWHPVHUYLFHVWKDWOLNHRWKHUIRUPVRIJUHHQ
LQIUDVWUXFWXUHKHOSWRPDNHFLWLHVPRUHOLYHDEOHDQGVXVWDLQDEOH$QGHUVVRQHWDO7KH
SURMHFWHGWUHQGRIXUEDQLVDWLRQ&%'81)3$KDVREYLRXVLPSOLFDWLRQVRQWKH
HQYLURQPHQWDQGKXPDQZHOOEHLQJDQGJUHHQURRIVDUHUHFRJQLVHGWRROVIRUPLWLJDWLQJVRPH
RIWKHDVVRFLDWHGSUREOHPV0LOOHQQLXP(FRV\VWHP$VVHVVPHQW%HLQJVKDOORZ
FPDQGOLJKWZHLJKWNJPH[WHQVLYHJUHHQURRIV(*5VFDQUHWURILWPRVWIODW
JUDYHOURRIVZLWKRXWWKHQHHGIRUVWUXFWXUDODGMXVWPHQWV:HLOHUDQG6FKRO]%DUWK
8QOLNHWKHLUGHHSHUDQGKHDYLHUFRXQWHUSDUWVHJVHPLH[WHQVLYHDQGLQWHQVLYHJUHHQURRIV
(*5VKDYHDKLJKGHJUHHRISODQWFRYHUEXWUHTXLUHOLWWOHPDLQWHQDQFH7KHFRQWLQXHGJURZWK
RIJUHHQURRIPDUNHWV)%%3HFNVXJJHVWVWKDWWKHVHV\VWHPVZLOOSOD\DUROHLQ
WKHHFRORJLFDOPDWUL[RIIXWXUHFLWLHV 
7KHILUVWNQRZQVWXG\RIPDWXUHJUHHQURRIYHJHWDWLRQGDWHVEDFNWR.UHKZKR
OLVWHGDQGFDWHJRULVHGDOOWKHVSHFLHVWKDWKDGFRORQLVHGWDUSDSHUJUDYHO73*URRIVLQ
6WXWWJDUW*HUPDQ\73*URRIVZKLFKLQYROYHGOD\HUVRIRYHUODSSLQJWDUSDSHUDQGVHYHUDO
FHQWLPHWUHVRIVDQGDQGJUDYHORYHUDZRRGGHFNZHUHIDYRXUHGLQFHQWUDO(XURSHLQWKHODWH
WKFHQWXU\IRUWKHLUDELOLW\WRLQKLELWWKHVSUHDGRIILUH$UKHQGW.|KOHUDQG3ROO
7KHVSRQWDQHRXVYHJHWDWLRQWKDWFRORQLVHGWKHVHURRIVODWHUDWWUDFWHGERWDQLVWVDQG
HFRORJLVWVZKRDSSOLHGWKHPHWKRGVRISK\WRVRFLRORJ\%UDXQ%ODQTXHWWRFODVVLI\
WKHYHJHWDWLRQLQWRSODQWFRPPXQLWLHV%RUQNDPP'DULXVDQG'UHSSHU%RVVOHU
DQG6XV]ND7KRPPHQ7KLVEDVLFTXHU\DERXWKRZWRFODVVLI\DQGPDQDJH
GHVLJQHGHFRV\VWHPVWKDWKDYHHVWDEOLVKHGDQGEHFRPHVHOIUHJXODWLQJZLWKPLQLPDOKXPDQ
LQWHUYHQWLRQKDVVLQFHEHHQUHDUWLFXODWHGZLWKWKHFRQFHSWRIQRYHOHFRV\VWHPV+REEVHWDO
+REEVHWDO+LJJV 
   
  ン 
 
9HJHWDWLRQFRPSRVLWLRQKDVFRQVHTXHQFHVIRUJUHHQURRISHUIRUPDQFH/XQGKROPDQG
:LOOLDPV/XQGKROP,QWHUUHVWULDOHFRV\VWHPVWKHQXPEHUDQGNLQGVRIVSHFLHV
SUHVHQWDQGWKHWUDLWVWKH\H[SUHVVLQIOXHQFHHFRV\VWHPSURFHVVHVOLNHHQHUJ\DQGPDWHULDO
IOX[HVRUWKHDOWHUDWLRQRIDELRWLFFRQGLWLRQVWKDWUHJXODWHSURFHVVUDWHV&KDSLQHWDO
2QJUHHQURRIVSODQWLQJGLYHUVHJURZWKIRUPVHJVXFFXOHQWVWDOOIRUEVGZDUIVKUXEV
FUHHSLQJIRUEVJUDPLQRLGVFDQHQKDQFHHFRQRPLFDOO\YDOXDEOHVHUYLFHVOLNHWKHUPDO
UHJXODWLRQVXEVWUDWHFRROLQJDQGVWRUPZDWHUUHWHQWLRQ/XQGKROPHWDO/XQGKROP
'XQQHWWHWDOD1DJDVHDQG'XQQHWWDVZHOODVQLWURJHQUHWHQWLRQ
-RKQVRQHWDODQGDLUWHPSHUDWXUHFRROLQJ%ODQXVDHWDO0DF,YRUHWDO
7KHLQFOXVLRQRIEURDGOHDYHGSODQWVLQDPL[ZKLFKEHDUVWUXFWXUDOTXDOLWLHVWKDW
LQWHUFHSWUDLQIDOOEHWWHUWKDQRWKHUJURZWKIRUPVFDQVLJQLILFDQWO\DIIHFWWKHDPRXQWRIZDWHU
UHWDLQHGDQGUHOHDVHGIURPDJUHHQURRI'XQQHWWHWDOD6LPLODUO\LQWHUDFWLRQV
EHWZHHQVXEVWUDWHPRLVWXUHPLFURFOLPDWHDQGGLIIHUHQWURRWLQJW\SHVFDQFULWLFDOO\LQIOXHQFH
VWRUPZDWHUUHWHQWLRQDQGWKHUPDOSHUIRUPDQFHRYHUWLPH6WRYLQHWDO%XFNODQG1LFNV
HWDO7KHLQFRUSRUDWLRQRIIXQFWLRQDOGLYHUVLW\DQGYDULHGJURZWKIRUPVFDQLPSURYH
WKHUHVLOLHQFHDQGSHUIRUPDQFHRIJUHHQURRIV\VWHPVRYHUWKHORQJWHUP+HLPDQG
/XQGKROP 
$OORFDWLQJIXQFWLRQDOWUDLWVWRVSHFLHVFDQJUDQWSHUVSHFWLYHIRUXQGHUVWDQGLQJ
YHJHWDWLRQG\QDPLFVVLQFHJURXSLQJE\WUDLWVGHVFULEHVWKHIXQFWLRQDOFKDUDFWHURIDSODQW
FRPPXQLW\DWJLYHQWLPHVDQGFDQVXEVHTXHQWO\VHUYHIRUFRPSDULVRQ'XQQHWWHWDO
'XQQHWWDQG:LOOLV&DWDODQRHWDO7KHSUHVVXUHVRIFRPSHWLWLRQVWUHVVDQG
GLVWXUEDQFHWKDWDUHFHQWUDOWR&65WKHRU\*ULPH*ULPHDUHREYLRXVRQJUHHQ
URRIVDQGWKHIXQFWLRQDOWUDLWVDVVRFLDWHGZLWKWKLVKDYHEHHQXVHGIRUVHOHFWLQJVXLWDEOH
VSHFLHV1DJDVHDQG'XQQHWW/XQGKROPHWDO9DQ0HFKHOHQHWDO
$FFRUGLQJWR&65WKHRU\QDWXUDOVHOHFWLRQSUHVVXUHVKDYHOHGWRWKHHYROXWLRQRIDGDSWLYH
ヴ 
OLIHVWUDWHJLHVFRQIRUPLQJWRGLVWLQFWKDELWDWW\SHVZKHUHE\FRPSHWLWRUV&H[SORLW
FRQGLWLRQVRIORZVWUHVVDQGORZGLVWXUEDQFHVWUHVVWROHUDWRUV6H[SORLWKLJKVWUHVVORZ
GLVWXUEDQFHKDELWDWVDQGUXGHUDOV5EHQHILWIURPORZVWUHVVKLJKGLVWXUEDQFHVLWXDWLRQV
*ULPH,QDGGLWLRQWRWKHVHSULPDU\VWUDWHJLHVWKHWKHRU\SURSRVHVWKDWLQWHUPHGLDWH
LQWHQVLWLHVRIWKHVHSUHVVXUHVKDYHOHGWRVHFRQGDU\VWUDWHJLHVWKRVHUHOHYDQWWRJUHHQURRIV
LQFOXGHFRPSHWLWLYHUXGHUDOV&5ZKLFKDUHDGDSWHGWRFLUFXPVWDQFHVZLWKORZVWUHVVZKHUH
FRPSHWLWLRQLVUHVWULFWHGWRDPRGHUDWHLQWHQVLW\E\GLVWXUEDQFHVWUHVVWROHUDQWUXGHUDOV65
ZKLFKDUHDGDSWHGWROLJKWO\GLVWXUEHGXQSURGXFWLYHKDELWDWVVWUHVVWROHUDQWFRPSHWLWRUV
6&ZKLFKDUHDGDSWHGWRUHODWLYHO\XQGLVWXUEHGFRQGLWLRQVWKDWH[SHULHQFHPRGHUDWH
LQWHQVLWLHVRIVWUHVVDQGµ&65VWUDWHJLVWV¶ZKLFKDUHDGDSWHGWRKDELWDWVLQZKLFK
FRPSHWLWLRQLVUHVWULFWHGE\PRGHUDWHLQWHQVLWLHVRIERWKVWUHVVDQGGLVWXUEDQFH*ULPH 
$IWHUWZHQW\RUWKLUW\\HDUVWKHIXQFWLRQDOGLYHUVLW\RIVKDOORZJUHHQURRIYHJHWDWLRQ
DSSHDUVWRVKLIWPRUHWRZDUGVFRYHUE\UXGHUDOVDQGVWUHVVWROHUDWRUVDQGIHZHUFRPSHWLWLYH
VSHFLHV.|KOHU&DWDODQRHWDO6WUHVVWROHUDWRUVVXFKDVVHGXPVFDQPD[LPLVH
OLPLWHGUHVRXUFHVZKLOHUXGHUDOVSHFLHVVXFKDVDQQXDOJUDVVHVFDQPD[LPLVHUHVRXUFHVLQ
GLVWXUEHGFRQGLWLRQVDQGHLWKHUDYRLGGHVWUXFWLRQRUUHFRYHUUDSLGO\'XQQHWW7ZHQW\
\HDUVRIELDQQXDOVXUYH\VRQWZR(*5VLQ%HUOLQUHYHDOHGIOXFWXDWLRQVLQVSHFLHVGLYHUVLW\
ZKHUHE\ZHWVXPPHUSHULRGVOHGWRHQKDQFHGGLYHUVLW\WKURXJKFRORQLVLQJDQQXDOVSHFLHV
DQGWKHGLVFRQWLQXDWLRQRILUULJDWLRQOHGWRGRPLQDQFHE\DIHZVSHFLHV.|KOHU,QWKDW
VWXG\WKHURRILQVWDOOHGZLWKDSUHFXOWLYDWHGPDWEHFDPHGRPLQDWHGE\&KLYHVZKLOHWKH
URRIZLWKDFRQYHQWLRQDOEXLOGXSEHFDPHGRPLQDWHGE\6HGXPVDQGQRWDVLQJOH&KLYH
LELG,Q+DQQRYHUDQHDUO\GHFUHDVHLQFRPSHWLWRUVDQGDQLQFUHDVHLQUXGHUDOVDQGVWUHVV
WROHUDWRUVZDVUHSRUWHGIRUDVDPSOHRIILIWHHQVLPSOHLQWHQVLYHWXUIURRIVEDVHGE\WRSVRLODQG
OLJKWDJJUHJDWHV&DWDODQRHWDO7KHVHWZRVWXGLHVVXJJHVWWKDWWXUIPDWVPD\SURPRWH
FHUWDLQVSHFLHVDQGGLVFRXUDJHRWKHUVWKURXJKWKHSURGXFWLYLW\DQGSURSDJXOHVWRUHRIWKH
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WRSVRLODQGDVVRFLDWHGEDUULHUVWRFRORQLVDWLRQ:LWKUHVSHFWWRW\SLFDO(*5VWKHIHZVWXGLHV
WKDWKDYHH[DPLQHGORQJWHUPYHJHWDWLRQGHYHORSPHQWKDYHQRWFRQVLGHUHGIXQFWLRQDO
FRPSRVLWLRQEXWUDWKHUJURZWKIRUPVEDVHGRQEXGORFDWLRQ7KRPPHQ%XWWVFKDUGW
3ROORUVSHFLHVGLYHUVLW\DQGDEXQGDQFH7KXULQJDQG'XQQHWW.|KOHU
.|KOHUDQG3ROO 
/RQJWHUPREVHUYDWLRQVRIHFRORJLFDOSKHQRPHQDDQGELRGLYHUVLW\DQGWKHFRQVLVWHQW
DQGUHOLDEOHDFFXPXODWLRQRIORQJWHUPV\QRSWLFGDWDVHWVDUHFUXFLDOWRXQGHUVWDQGLQJKRZ
QDWXUDOV\VWHPVZRUN&DOODKDQ/LNHQV)UDQNOLQHWDODQGIRU
DGGUHVVLQJTXHVWLRQVRQFDXVDWLRQ³ZK\´DQGPHFKDQLVPV³KRZ´%DNNHUHWDO
/RQJWHUPREVHUYDWLRQVRIJUHHQURRIVDUHXVHIXOIRUSODQQLQJJXLGDQFH5RZHHWDO
HVSHFLDOO\VLQFHVWXGLHVWKDWKDYHREVHUYHGJUHHQURRIYHJHWDWLRQFRQWLQXRXVO\RYHUVHYHUDO
\HDUVUHSRUWWKDWFRQFOXVLRQVGUDZQIURPODWHUREVHUYDWLRQVGLIIHUIURPWKRVHGUDZQDIWHURQH
RUWZRJURZLQJVHDVRQV*HWWHUHWDO.|KOHU.|KOHUDQG3ROO/XQGKROP
HWDO&DWDODQRHWDO5RZHHWDO7KH)//JXLGHOLQHZKLFKLV
GHVLJQHGWRHQVXUHTXDOLW\DQGIXQFWLRQIRUDOOJUHHQURRIW\SHVHPSKDVLVHVLQVWDOODWLRQDQG
HDUO\HVWDEOLVKPHQWSHULRGEXWGRHVQRWDOOXGHWRORQJWHUPSHUIRUPDQFHRUGLYHUVLW\ 
7KLVVWXG\H[DPLQHVWKHYHJHWDWLRQRIWZR(*5VWZHQW\\HDUVDIWHULQVWDOODWLRQLQ
6WXWWJDUW*HUPDQ\2XUREMHFWLYHZDVWRFKDUDFWHULVHFKDQJHVLQPDWXUHJUHHQURRI
YHJHWDWLRQZLWKUHIHUHQFHWRIXQFWLRQDOW\SHVXVLQJ&65WKHRU\:LWKUHVSHFWWRWKHURRIV
VXUYH\HGZHLQTXLUHGLQWRWKHUHODWLRQVKLSEHWZHHQRULJLQDOVSHFLHVSHUVLVWHQFHDQGORVV
DQGFRORQLVHUVJDLQ+RZGRHVWKHIXQFWLRQDOFKDUDFWHURIWRGD\¶VYHJHWDWLRQUHODWHWRWKDW
RIRULJLQDOOLVWV"'LG(*5YHJHWDWLRQFRQYHUJHRYHUWLPHHYHQWXDOO\H[SUHVVLQJFRPSDUDEOH
SURSHUWLHVIXQFWLRQDOW\SHVDQGFRPSRVLWLRQUHJDUGOHVVRILQLWLDOOLVWV"2UGLGLWGLYHUJHVXFK
WKDWHDFKURRIVXSSRUWHGDXQLTXHIORUDGLFWDWHGE\VLWHVSHFLILFIDFWRUVDQGFRQGLWLRQV" 
ヶ 
:HK\SRWKHVLVHGWKDWWKHIXQFWLRQDOFRPSRVLWLRQDQGVSHFLHVDVVHPEODJHRQXQPDQDJHG
H[WHQVLYHJUHHQURRIVZLOOKDYHFKDQJHGDIWHUWZRGHFDGHV6SHFLILFDLPVZHUHWR
HVWDEOLVKWKHSURSRUWLRQRIIXQFWLRQDOW\SHVDQGWKHVSHFLHVWKDWSHUVLVWHGGLVDSSHDUHGRU
FRORQLVHGWRGHWHUPLQHFKDQJHVLQGLYHUVLW\RIRYHUWLPHDQGWRLGHQWLI\WKH
FRQGLWLRQVDQGIDFWRUVWKDWLQIOXHQFHYHJHWDWLRQG\QDPLFVRQ(*5V 
2. 0HWKRGV 
2.1. 6WXG\DUHD 
7KHVWXG\DUHDLQYROYHGWZRH[WHQVLYHJUHHQURRIVLQ6WXWWJDUW*HUPDQ\¶1
¶(PDVO)LJXUH$FFRUGLQJWRWKH.|SSHQ*HLJHU&OLPDWH&ODVVLILFDWLRQ
6WXWWJDUWKDVDZDUPWHPSHUDWHFOLPDWHZLWK³IXOO\KXPLG´SUHFLSLWDWLRQUDWHVZDUP
VXPPHUVDQGQRGU\VHDVRQ.RWWHNHWDO0RVWRILWVDQQXDOUDLQIDOODQQXDODYHUDJH
PPRFFXUVLQWKHVXPPHUPRQWKVKLJKHVWDYHUDJHLQ-XQHPP':'&OLPDWH
'DWD&HQWUH 
 
)LJXUH7KHVWXG\DUHDZDVLQDQGDURXQG6WXWWJDUWLQVRXWKZHVW*HUPDQ\*RRJOH0DSV
 
   
  Α 
 
7KHURRIVZHUHFRQVWUXFWHGLQDQGXVLQJWKUHHOD\HUHGFRQVWUXFWLRQVW\SLFDO
RIH[WHQVLYHJUHHQURRIVDVSHU)//JXLGHOLQHVDOWKRXJKQRV\VWHPPDQXIDFWXUHUVZHUH
OLVWHGDQGLQVWDOOHGZLWKPPHYHQO\GLVWULEXWHGJUHHQURRIVXEVWUDWH7KH
GRFXPHQWDWLRQUHFHLYHGIURPEXLOGLQJRZQHUVLQFOXGHGJUHHQURRIVSHFLILFDWLRQV
5DWKDXVJDUDJHDQGFRUUHVSRQGHQFHUHFRUGVIURPWKHDUFKLWHFWDORQJZLWKVSHFLILFDWLRQVDQG
UHOHYDQWGUDZLQJV.LOOHVEHUJ%RWKURRIVZHUHVRZQZLWKZLOGIORZHUVHHGDQG6HGXP
FXWWLQJVDQGWKHVSHFLHVOLVWVZHUHYHU\VLPLODU7DEOH 
 7KHILUVWVLWH5DWKDXVJDUDJHFRPSOH[ZDVDPXOWLVWRU\SDUNLQJJDUDJHIRU6WXWWJDUW
7RZQ+DOOWKDWZDVVRZQZLWKVHHGDQG6HGXPFXWWLQJVLQVSULQJVXPPHU2IWKHWZR
VXEURRIV³5DWKDXV39´PIHDWXUHGDURZRIVRODUSDQHOVDWLWVVRXWKZHVWFRUQHU
DQG³5DWKDXVORZHU´PDGMRLQHGWKH39URRIDPHWHUORZHU)LJXUHD)URP
XQWLOWKHURRIVZHUHPDLQWDLQHGRQFHDQQXDOO\LQWKHIRUPRIZHHGLQJDQGFOHDULQJ
GUDLQVE\WKHWLPHRIVDPSOLQJWKH\KDGEHHQXQPDLQWDLQHGIRUWKUHH\HDUV+HOOHU
7KHVHFRQGVLWH.LOOHVEHUJPKDGDQLQFOLQDWLRQRIZLWKGLVWLQFW1RUWK6RXWK
DVSHFWV)LJXUHE7KHVLWHZDVRULJLQDOO\EXLOWIRUGHPRQVWUDWLRQDQGVHUYHGDV
KHDGTXDUWHUVIRUWKH,QWHUQDWLRQDO*DUGHQ6KRZLQDIWHUZKLFKWKH'HSDUWPHQWRI
*DUGHQV&HPHWHULHVDQG)RUHVWVWRRNRFFXSDQF\ 
   
)LJXUH7KHURRIVVXUYH\HGLQ6WXWWJDUWLQFOXGHGD5DWKDXVJDUDJHFRPSOH[DQGE
.LOOHVEHUJ 
Β 
2.2. 9HJHWDWLRQGDWD 
7KHURRIVZHUHVDPSOHGZLWKPSORWVXVLQJVDPSOLQJPHWKRGVDSSURSULDWHWRWKHVLWH
WDNLQJFDUHWRHQVXUHUHSUHVHQWDWLYHYHJHWDWLRQE\DYRLGLQJHGJHVDQGPRXQGV%UDXQ
%ODQTXHW0XHOOHU'RPERLVDQG(OOHQEHUJYDQGHU0DDUHO5RGZHOO
$VWUDWLILHGUDQGRPDSSURDFKZDVWDNHQDWWKH5DWKDXVJDUDJHFRPSOH[ZKHUHE\QRQ
XQLIRUPSDWFKHVZHUHGHILQHGILUVWHJVKUXEE\PRXQGVDIWHUZKLFKWKHGRPLQDQW
YHJHWDWLRQZDVVDPSOHGWKURXJKWKHUDQGRPSODFHPHQWRITXDGUDWVZLWKLQWKHGHVLJQDWHG
DUHD2QWKHSLWFKHGURRIDW.LOOHVEHUJILYHUDQGRPO\FKRVHQSRLQWVDORQJWKHULGJHVHUYHG
IRUWKHSODFHPHQWRIWUDQVHFWVDORQJZKLFKVDPSOLQJTXDGUDWVZHUHWKHQUDQGRPO\SODFHG
6WUDWLI\LQJRUGLYLGLQJYHJHWDWLRQLQWRKRPRJHQHRXVXQLIRUPYHUVXVKHWHURJHQHRXVQRQ
XQLIRUPSDWFKHVSULRUWRSODFLQJVDPSOHVLVEHQHILFLDOIRUFOXVWHULQJPDMRUVRXUFHVRI
YDULDWLRQYDQGHU0DDUHO 
9HJHWDWLRQVXUYH\VZHUHFRQGXFWHGRYHURQHJURZLQJVHDVRQIURPHDUO\-XQHWRPLG
-XO\LQZLWKSHUFHQWDJHFRYHUUHFRUGHGSHUVSHFLHVDQGJURZWKIRUP(LJKWHHQ
TXDGUDWVZHUHVDPSOHGRQ.LOOHVEHUJIRXUWHHQRQ5DWKDXVORZHUDQGILIWHHQRQ5DWKDXV39
7KHPHWKRGVIRUYHJHWDWLRQVDPSOLQJDQGGHVFULSWLRQIROORZHGWKH1DWLRQDO9HJHWDWLRQ
&ODVVLILFDWLRQ8VHUV¶KDQGERRN7D[RQRPLFQRPHQFODWXUHZDVVWDQGDUGLVHGXVLQJ7KH
3ODQW/LVWKWWSZZZWKHSODQWOLVWRUJDFFHVVHGLQ1RYHPEHU,IVSHFLHVIURPRULJLQDO
OLVWVGLGQRWDULVHLQDQ\TXDGUDWVDUHFRQQDLVVDQFHRIWKHZKROHURRIZDVFRQGXFWHGLQRUGHU
WRFRQILUPZKHWKHUWKH\KDGEHHQIXOO\H[WLUSDWHGRUVLPSO\GLGQRWDSSHDULQWKHTXDGUDWV
$OOVSHFLHVZHUHODEHOOHGZLWKIXQFWLRQDOWUDLWVGUDZQIURPWKH%LRO)ORURQOLQHGDWDEDVH
.ORW]HWDOZKLFKGHVFULEHDGDSWLYHVWUDWHJLHVXVLQJ&65WUDLWV 
2.3. 'DWDDQDO\VLV 
2ULJLQDOVSHFLHVOLVWVZHUHXVHGWRGHWHUPLQHZKLFKVSHFLHVKDGSHUVLVWHGGLVDSSHDUHGRU
FRORQLVHGSHUURRI&RQVHTXHQWO\WKHREVHUYHGYHJHWDWLRQIURPRXUVXUYH\VLQFOXGHGWKH
   
  Γ 
 
RULJLQDOLHSHUVLVWHQWDQGFRORQLVLQJLHJDLQHGVSHFLHVWKDWZHUHLGHQWLILHGSHUTXDGUDW
RULJLQDOVSHFLHVWKDWZHUHQRWIRXQGZHUHFRQVLGHUHGORVW6LQFHFRPSRVLWLRQDQGFRYHUE\
RULJLQDOVSHFLHVZHUHQRWH[SOLFLWO\NQRZQWKHIXQFWLRQDOFKDUDFWHUIRUWKHRULJLQDOYHJHWDWLRQ
ZDVHVWDEOLVKHGK\SRWKHWLFDOO\E\DVVXPLQJDWRWDOFRYHUYDOXHRIIRUHDFKURRIDQG
WKHUHZLWKDOORFDWLQJWKHVSHFLHVRIRULJLQDOOLVWVZLWKHTXDOFRYHUYDOXHVWKDWWRWDOOHG
7KRXJKWKHIXQFWLRQDOFRPSRVLWLRQUHVXOWLQJIURPWKLVPHWKRGPD\GLIIHUIURPWKHDFWXDO
YHJHWDWLRQWKDWHVWDEOLVKHGLQLWLDOO\WKLVPHWULFZDVGHHPHGVXIILFLHQWO\JHQHUDO\HW
LQIRUPDWLYHIRUWKHSXUSRVHVRIWKLVDQDO\VLV 
7KHDQDO\VLVWKHUHIRUHEHJLQVE\DVVHVVLQJWKHVSHFLHVFRYHUDQGIXQFWLRQDOFRPSRVLWLRQ
RILQGLYLGXDOURRIVDQGWKHQH[SDQGVWRFRQVLGHUWKHWRWDOFRYHURIREVHUYHGYHJHWDWLRQIURP
DOOWKHTXDGUDWVVDPSOHG,QRUGHUWRGHVFULEHSURSRUWLRQDWHFRYHUE\HDFKVSHFLHVDQGHDFK
IXQFWLRQDOW\SHSURSRUWLRQDWHYDOXHVZHUHFDOFXODWHGZLWKUHIHUHQFHWRWKHWRWDOFRYHURIDOO
VSHFLHVSHUUHVSHFWLYHVDPSOHZKHWKHUSHUURRIRUERWK:LOFR[DQ6LJQHG5DQN7HVWVZHUH
FRQGXFWHGWRGHWHUPLQHZKHWKHUWKHIXQFWLRQDOFRPSRVLWLRQRIVSHFLHVKDGVKLIWHG
VLJQLILFDQWO\EHWZHHQLQLWLDODQGREVHUYHGWLPHSHULRGV,%0&RUS 
1H[WWKHFRPSDULVRQRISODQWFRPPXQLW\FRPSRVLWLRQEHWZHHQRULJLQDOOLVWVDQG
REVHUYHGYHJHWDWLRQZDVDFKLHYHGXVLQJ%D\FHQWULFSORWVFRPSULVLQJWKUHHYDULDEOHV7RWKLV
HQGWKHGDWDZDVUHFDOFXODWHGLQWRDPDWUL[RI&65VLJQDWXUHVIRUHDFKTXDGUDWIURPERWK
URRIV,QRUGHUWRLOOXVWUDWHWKHHIIHFWRIWKH1RUWK6RXWKJUDGLHQWDW.LOOHVEHUJWKHVDPH
SURFHVVZDVDSSOLHGWRWKDWGDWDEXWGLVWLQJXLVKLQJDQGJURXSLQJWKHTXDGUDWVDFFRUGLQJO\$OO
GDWDSURFHVVLQJDQGDQDO\VLVZDVSHUIRUPHG XVLQJ5VRIWZDUHYHUVLRQ5&RUH7HDP
DQG 5SDFNDJHµWLG\YHUVH¶YHUVLRQ:LFNKDP7HUQDU\GLDJUDPVZHUH
FRQVWUXFWHGXVLQJJJWHUQ5SDFNDJHYHUVLRQ+DPLOWRQ 
ヱヰ 
3. 5HVXOWV 
3.1. 9HJHWDWLRQFKDQJH 
2YHUDOOOHVVWKDQKDOIWKHVSHFLHVIURPRULJLQDOOLVWVSHUVLVWHGDIWHUWZHQW\\HDUVZLWK
SHUVLVWLQJDW.LOOHVEHUJLHORVWDQGSHUVLVWLQJDWWKH5DWKDXVJDUDJH
FRPSOH[LHORVW7DEOH6LPLODUDQDO\VHVRIWKHVXEURRIVDW5DWKDXVJDUDJHDOVR
LQGLFDWHORZFRYHUE\SHUVLVWHQWVSHFLHVEHORZDQGKLJKHUUDWHVRIGLVDSSHDUDQFH
XSZDUGVRI$OWKRXJKPDQ\RIWKHLQLWLDOVSHFLHVKDGGLVDSSHDUHGVSHFLHVGLYHUVLW\
ZDVEROVWHUHGZLWKDURXQGFRYHUE\VSRQWDQHRXVFRORQLVHUV,QRUGHUWRHOXFLGDWHWKH
FDXVHVDQGPHFKDQLVPVRIWKHVHFKDQJHVDQGWRHVWDEOLVKWKHHIIHFWLYHQHVVRIRULJLQDOOLVWV
WKHHFRORJLFDOVWUDWHJLHVRIWKHVSHFLHVWKDWSHUVLVWHGGLVDSSHDUHGDQGFRORQLVHGZHUH
H[DPLQHGPRUHFORVHO\ZLWKFRQVLGHUDWLRQRISURSRUWLRQDWHFRYHUDFURVVDOOURRIVDQG
DEVROXWHFRYHURQLQGLYLGXDOURRIV 
3.1.1. 2ULJLQDOVSHFLHVSHUVLVWHQWYVORVW 
7KHVSHFLHVWKDWKDGSHUVLVWHGWZHQW\\HDUVDIWHULQVWDOODWLRQZHUHUHSUHVHQWHGE\D
YDULHW\RIIXQFWLRQDOW\SHVWKHPDMRULW\EHLQJ&65VWUDWHJLVWVIROORZHGE\VWUHVVWROHUDWRUV
VWUHVVWROHUDQWFRPSHWLWRUVDQGVLQJOHLQGLYLGXDOVRI&5DQG65VWUDWHJLVWV7KH&65
VWUDWHJLVWVLQFOXGHGIUHTXHQWO\XVHGJUHHQURRISODQWV$OOLXPIODYXP'LDQWKXV
FDUWKXVLDQRUXP'GHOWRLGHV)HVWXFDRYLQD+LHUDFLXPSLORVHOOD3RDFRPSUHVVD7K\PXV
VHUS\OOXP7SXOHJLRLGHVRIZKLFKVRPHRFFXUUHGYHU\VSDUVHO\RUKDGGLVDSSHDUHGRQDW
OHDVWRQHRIWKHURRIV'LDQWKXVGHOWRLGHV&DPSDQXODURWXQGLIROLD7KHVWUHVVWROHUDWRUV
ZHUHDOO6HGXPVRIZKLFKVRPHKDGKLJKFRYHU6UXSHVWUH6K\EULGXP6VH[DQJXODUH
ZKLOHRWKHUVZHUHVFDUFH6DFUH2QHRIWKHVWUHVVWROHUDQWFRPSHWLWRUV6&/LQXP
SHUHQQHZDVDEXQGDQWRQDOOWKHURRIVZKLOHWKHRWKHUVZHUHLQIUHTXHQW3RWHQWLOODDUJHQWHD
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6HGXPWHOHSKLXP9HURQLFDVSLFDWD7KH65VWUDWHJLVW7ULIROLXPDUYHQVHRQO\RFFXUUHGRQ
.LOOHVEHUJLQRITXDGUDWV 
:KHQUHFDOFXODWLQJWKHSHUFHQWFRYHURILQGLYLGXDOVSHFLHVSURSRUWLRQDWHWRWKHWRWDO
FRYHUUHFRUGHGE\DOOVSHFLHVVWUHVVWROHUDWRUVEHFDPHWKHSUHGRPLQDQWIXQFWLRQDOW\SH
1LQHRIWKH6VWUDWHJLVWVZHUH6HGXPWD[DRQHZDV6HPSHUYLYXPDQGWKHUHPDLQGHU
ZHUHEU\RSK\WHV7KHH[WHQVLYHFRYHUSURYLGHGE\WKLVIXQFWLRQDOW\SHZDVJUDQWHGPDLQO\E\
ILYH6HGXPVSHFLHVFKDPSLRQHGE\6HGXPK\EULGXPDQGIROORZHGE\6UXSHVWUH
6VH[DQJXODUH6VSXULXPDQG6NDPWVFKDWLFXPWKH
UHPDLQLQJ6VWUDWHJLVWVKDGXQGHURIWKHWRWDOSURSRUWLRQDWHFRYHU7DEOH:KLOH6
K\EULGXPDQG6UXSHVWUHGLGKDYHWKHJUHDWHVWSUHVHQFHRIDOOWKH6HGXPWD[DWKHKLJKFRYHU
YDOXHVDUHDOVRDVVRFLDWHGZLWKWKHLUVWUXFWXUHDQGIRUP&RPSDUHGZLWKWKHILQHIROLDJHDQG
VPDOOIRUPVRI6VH[DQJXODUHDQG6DFUHIRUH[DPSOH6UXSHVWUHIRUPVODUJHFXVKLRQV
ZKLOH6K\EULGXPKDVODUJHIODWIROLDJH&65VWUDWHJLVWVSOD\HGDQLPSRUWDQWUROHWRWKH
IXQFWLRQDOFRPSRVLWLRQRIWKHREVHUYHGYHJHWDWLRQEXWWKHPRVWVXFFHVVIXO&65
VSHFLHV)HVWXFDRYLQDKDGWKHVDPHSURSRUWLRQDWHFRYHUDVWKHORZHVWUDQNLQJRIWKHWRS
6HGXPVSHFLHV6PDOOSURSRUWLRQVRIUXGHUDOVVWUHVVWROHUDQWUXGHUDOV
DQGOHVVWKDQFRYHUE\FRPSHWLWRUVDQGVWUHVVWROHUDQWFRPSHWLWRUVURXQGRIIWKH
IXQFWLRQDOFKDUDFWHURIWKHVHURRIV7KHQHJOLJLEOHFRYHUE\FRPSHWLWLYHUXGHUDOVLV
RZLQJWRVLQJOHLQGLYLGXDOVRI(ULJHURQDQQXXV&HUDVWLXPDUYHQVHDQG&RQYROYXOXV
DUYHQVLV 
:LWKUHVSHFWWRORVVWKHQXPEHURIVSHFLHVDQGDVVRFLDWHGIXQFWLRQDOW\SHVWKDW
GLVDSSHDUHGZHUHVLPLODUWRWKRVHWKDWSHUVLVWHGZLWKWKHH[FHSWLRQWKDWPRUH&65VSHFLHV
ZHUHORVWWKDQSHUVLVWHG6RPHRIWKHRULJLQDOVSHFLHVWKDWGLGQRWVXUYLYHRQHLWKHU
URRILQFOXGHG'LJLWDULDVDQJXLQDOLV5,QXODKLUWD6&2QREU\FKLVYLFLLIROLD&3ODQWDJR
PDMRU&653RDQHPRUDOLV&653RO\JRQXPDYLFXODUH55XPH[DFHWRVHOOD&65DQG
ヱヲ 
6DSRQDULDRF\PRLGHV6&5HFRQQDLVVDQFHRIWKHJUHDWHUURRIDUHDEH\RQGVDPSOLQJSORWV
FRQILUPHGWKDWWKHVHVSHFLHVKDGEHHQFRPSOHWHO\H[WLUSDWHG6XUSULVLQJORVVHVLQFOXGHG
FRPPRQJUHHQURRISODQWVOLNH6HGXPDFUHDQG6VSXULXP%RWKDUHSXUH6VWUDWHJLVWV\HW
WKHIRUPHUZDVQRWHYLGHQWRQDQ\RIWKHURRIVVXUYH\HGDQGRQO\DVPDOOLQGLYLGXDORI
6HGXPDFUHZDVIRXQGLQDVLQJOHTXDGUDWRIWKHORZHU5DWKDXVURRI$OWKRXJKVRPHVWXGLHV
KDYHIRXQG6DFUHWRPDLQWDLQVWDEOHFRYHURYHUWR\HDUV5RZHHWDO%DWHVHWDO
KHUHLWGLGQRWSHUVLVWDIWHUWZHQW\\HDUV7KHHYHQWXDOGLVDSSHDUDQFHRIWKHVHVSHFLHV
PD\UHODWHWRWKHLUFRPSDUDWLYHO\GHOLFDWHVWDWXUHE\FRQWUDVWZLWKODUJHUOHDYHGVSHFLHVRUWR
WKHLUUHJHQHUDWLYHVWUDWHJLHVRIYHJHWDWLYHVSUHDGZKLFKDUHFKDOOHQJHGZKHQWKHJUHHQURRI
DFKLHYHVDFORVHGFDQRS\ZLWKIHZJDSVRUEDUHVXEVWUDWH)XUWKHUZRUNLVUHTXLUHGWR
VXEVWDQWLDWHWKLV 
3.1.2. *DLQHGFRORQLVLQJVSHFLHV 
,QDGGLWLRQWRWKHG\QDPLFVRISHUVLVWHQFHDQGORVVWKHYHJHWDWLRQRIWKHVHURRIVZDV
EROVWHUHGE\FRORQLVLQJVSHFLHVWKDWFRPSULVHGRIWKHREVHUYHGFRYHUDW.LOOHVEHUJDQG
RIWKHREVHUYHGFRYHUDWWKH5DWKDXVFRPSOH[7KHPDMRULW\RIFRORQLVLQJVSHFLHVRI
ZHUHVWUHVVWROHUDQWUXGHUDOV65RIZKLFKILYHZHUHPRVVHVRQHDQKHUEDFHRXVDQQXDO
3HWURUKDJLDSUROLIHUDDQGRQHDUXGHUDOJUDVV9XOSLDP\XURV7KHQH[WPRVWDEXQGDQW
IXQFWLRQDOW\SHDPRQJVWFRORQLVLQJVSHFLHVZDVVWUHVVWROHUDQFHRIKDOIRIZKLFKZHUH
EU\RSK\WHVLQFOXGLQJWZROLFKHQVDQGRQHPRVV7KUHHRIWKHVWUHVVWROHUDQWFRORQLVHUVZHUH
6HGXPWKDWZHUHVSHFLILHGRQWKH5DWKDXVFRPSOH[EXWQRWRQWKH.LOOHVEHUJURRI.LOOHVEHUJ
ZDVRQO\VSHFLILHGZLWK6HGXPDFUH\HW6DOEXP6UXSHVWUHDQG6VH[DQJXODUHDOOKDG
UHODWLYHO\KLJKFRYHUDJHRQWKDWURRIDQGRFFXUUHGLQPRUHWKDQKDOIWKHTXDGUDWVVXUYH\HG
1RWLQFOXGLQJWKRVH6HGXPVSHFLHVFRORQLVHUVFRPPRQWRERWKURRIVLQFOXGHGWKUHH
EU\RSK\WHV&ODGRQLDVFDEULFXOD3HOWLJHUDVSSWKHXQLGHQWLILDEOH³6WDUU\\HOORZPRVV´
DQG9XOSLDP\XURV 
   
  ヱン 
 
7KHILYHFRORQLVLQJ&65VWUDWHJLVWVLQFOXGHGVSHFLHVZLWKDEXQGDQWFRYHUDQG
RFFXUULQJLQQHDUO\HYHU\TXDGUDW&UHSLVWHFWRUXP3RWHQWLOODWDEHUQDHPRQWDQLZKLOH
RWKHUVZHUHFRQVLVWHQWEXWQRWDVDEXQGDQW7DUD[DFXPRIILFLQDOHDQGVRPHZHUHVSDUVHDQG
VSRUDGLF3RWHQWLOODHUHFWD3LFULVKLHUDFLRLGHV7KHELHQQLDO3LFULVRQO\RFFXUUHGLQDIHZ
TXDGUDWVRQWKH5DWKDXVFRPSOH[VLPLODUWRWKHHYHUJUHHQUKL]RPDWRXV3RWHQWLOODHUHFWD-XVW
DVWKHIOHVK\WDSURRWHGURVHWWHIRUPLQJ'DQGHOLRQRFFXUUHGRQHDFKURRIRQO\DVDIHZ
LQGLYLGXDOVZLWKPLQLPDOFRYHUWKHFRPSHWLWLYHFRORQLVHUV$FHUSVHXGRSODWDQXV&DUSLQXV
EHWXOXV9HUEDVFXPQLJUXPDOVRRFFXUUHGDVLQIUHTXHQWLQGLYLGXDOV7UHHVGRQRWVHHPWR
SHUVLVWEH\RQGRQH\HDURQ(*5VMXGJLQJIURPWKHDEVHQFHRIROGHUVSHFLPHQVSUREDEO\GXH
WRWKHOLPLWHGUHVRXUFHVRIWKHVKDOORZVXEVWUDWHDQGWKHFKDOOHQJLQJJURZLQJFRQGLWLRQV 
3.1.3. 2EVHUYHGYHJHWDWLRQSHUVLVWHQWJDLQHG 
%DVHGRQWRWDOSURSRUWLRQDWHFRYHURIWKHYHJHWDWLRQVXUYH\HGRQDOOURRIVWKHWRSWHQ
VSHFLHVREVHUYHGLHSHUVLVWHQWDQGJDLQHGVSHFLHVLQWKHVXUYH\HGTXDGUDWVFRPSULVHGQLQH
RULJLQDOSHUVLVWHQWVSHFLHVDQGRQHFRORQLVHU7DEOH)RXURIWKHWHQVSHFLHVZHUH&65
VWUDWHJLVWVLQFOXGLQJWZRW\SLFDOJUHHQURRISODQWV)HVWXFDRYLQDDQG'LDQWKXV
FDUWKXVLDQRUXPDVZHOODV+LHUDFLXPSLORVHOODDQGWKHRQO\FRORQLVHURIWKHWRSWHQ&UHSLV
WHFWRUXP7KHWKUHHVWUHVVWROHUDWRUVLQFOXGHG6HGXPUXSHVWUHZKLFKKDGWKHJUHDWHVWFRYHU
DQGKLJKHVWIUHTXHQF\DVZHOODV6HGXPVH[DQJXODUHDQG6K\EULGXP7KHVRZQUXGHUDO
6HWDULDYLULGLVRFFXUUHGRQDOOURRIVZLWKFRQVLVWHQWLIGLPLQXWLYHFRYHU7KHRWKHUWRSWHQ
VSHFLHVLQFOXGHGDVWUHVVWROHUDWRUJUDVV9XOSLDP\XURVDQG/LQXPSHUHQQHDVWUHVVWROHUDQW
FRPSHWLWRU6&'HVSLWHWKHOLPLWDWLRQVRIWKHVWXG\WKHVHUHVXOWVFOHDUO\GHSLFWWKH
IXQFWLRQDOFKDUDFWHURIWKHYHJHWDWLRQDQGVXJJHVWWKDWFHUWDLQWUDLWVDUHDGYDQWDJHRXVWRORQJ
WHUPSHUVLVWHQFHRQ(*5V 
7KHPRVWDEXQGDQWVSHFLHV6HGXPUXSHVWUHRFFXUUHGLQQHDUO\DOOTXDGUDWVRQERWK
URRIVDQGKDGWKHKLJKHVWSURSRUWLRQDWHFRYHURIDOOVSHFLHV:LWKLWVXSULJKWDQGVSUHDGLQJ
ヱヴ 
KDELW6UXSHVWUHIRUPHGDQH[WHQVLYHJURXQGFRYHUWKDWZDVVRPHWLPHVWRWDOO\H[SRVHGWR
GLUHFWVXQOLJKWDQGRWKHUWLPHVVKDGHGEHQHDWKWDOOHUKHUEDFHRXVVSHFLHV7KHUXGHUDO*UHHQ
EULVWOHJUDVV6HWDULDYLULGLVZDVYHU\DEXQGDQWDQGIUHTXHQWEXWLWGLGQRWFUHDWHDYLVLEOH
LPSUHVVLRQJLYHQLWVGZDUIHGVWDWXUHDOWKRXJKLWFDQJURZPPKLJK+XEEDUG
WKH6HWDULDRQWKHVHURRIVQHYHUH[FHHGHGPPGDWDQRWVKRZQ7KH&65
FRORQLVHU&UHSLVWHFWRUXPRFFXUUHGLQQHDUO\DOOTXDGUDWVRQWKH5DWKDXVJDUDJHFRPSOH[DQG
LWVKLJKFRYHUDEXQGDQFHFDQEHH[SODLQHGE\EDVDOURVHWWHOHDYHV7KHQDPHRIWKLVVSHFLHV
LPSOLHVLWVDIILQLW\IRUWKHURRIKDELWDW$UFKLEROGDQG:DJQHU7KHRWKHU&65
VWUDWHJLVW)HVWXFDRYLQDRFFXUUHGDVFRQVLVWHQWWXIWVEXWGLGQRWRFFXS\PRUHWKDQRI
WRWDOSURSRUWLRQDWHFRYHUIRUDOOURRIV7KHRWKHUVSHFLHVIURPWKHWRSREVHUYHGFRYHU
LQFOXGHGWKUHHJURXQGFRYHULQJ6HGXPV6DOEXP6K\EULGXP6VH[DQJXODUHDQGWZR
VWUHVVWROHUDQWFRPSHWLWRUV/LQXPSHUHQQHDQG9HURQLFDVSLFDWD 
3.1.4. )XQFWLRQDOFRPSRVLWLRQRYHUWLPH 
7KHIXQFWLRQDOFRPSRVLWLRQRIWKHVHURRIVFKDQJHGVLJQLILFDQWO\IURPWKHWLPHRI
LQVWDOODWLRQWRWKHVXUYH\VRIZLWKPHGLXPWRODUJHHIIHFWVL]HVDFFRUGLQJWR&RKHQ
:KHUHDVLQLWLDOOLVWVIHDWXUHGDURXQGFRPSHWLWLYHVSHFLHVDIWHUWZHQW\\HDUVOHVV
WKDQRIWKHREVHUYHGVSHFLHVIHOOLQWRWKLVFDWHJRU\] S2XUVXUYH\VLQ
IRXQGWKDWVWUHVVWROHUDWRUVKDGEHWZHHQFRYHUZKHUHDVWKLVIXQFWLRQDOW\SH
FRPSULVHGRIWKHRULJLQDOVSHFLHVOLVWV7DEOH:LWKUHJDUGVWRIXQFWLRQDO
FKDUDFWHUWKHLQLWLDOVSHFLHVOLVWIRU5DWKDXVJDUDJHFODVVLILHGDV6&&65DQGWKHVXUYH\HG
YHJHWDWLRQ\HDUVODWHUZDVGHILQHGDV6&656LPLODUO\WKH.LOOHVEHUJYHJHWDWLRQVKLIWHG
IURP6&65WR665FODVVLILFDWLRQ)LJXUH$OWKRXJKUXGLPHQWDU\WKHVHUHVXOWVDUH
FRUURERUDWHGE\RWKHUVWXGLHVWKDWPDWXUHJUHHQURRIYHJHWDWLRQVKLIWVDZD\IURPFRPSHWLWLYH
VWUDWHJLHVWRZDUGVDYHJHWDWLRQGHILQHGE\VWUHVVWROHUDQWDQGRUVWUHVVWROHUDQWUXGHUDOV
   
  ヱヵ 
 
&DWDODQRHWDO.|KOHURUE\&65JHQHUDOLVWVVXFKDV$OOLXPVFKRHQRSUDVXP
.|KOHU 
 
)LJXUH7KHIXQFWLRQDOFKDUDFWHURIWKHURRIVVXUYH\HGVKLIWHGIURP6&&65DQG&65
YHJHWDWLRQWRZDUGVFRPPXQLWLHVGHILQHGE\6DQG65VWUDWHJLVWV 
3.2. (IIHFWRIKHWHURJHQHLW\DQGPLFURFOLPDWH 
7KHVDPHWUHQGRIVKLIWLQJIXQFWLRQDOFKDUDFWHULVHYLGHQWRQWKHSLWFKHGURRIDW
.LOOHVEHUJZKHUHWKHGLVWLQFW1RUWK6RXWKDVSHFWVRIIHUDQH[WUHPHH[DPSOHRIWKHHIIHFW
WKDWKHWHURJHQHLW\FDQSOD\RQYHJHWDWLRQGHYHORSPHQW,QVSLWHRIEHLQJVRZQZLWKWKHVDPH
VSHFLHVDWWKHVDPHWLPHDQGRQWRDQLGHQWLFDOEXLOGXSWKHIXQFWLRQDOFRPSRVLWLRQRIWKH
WZRDVSHFWVGLYHUJHGLQWRGLVWLQFWFKDUDFWHUV7KHRULJLQDOVSHFLHVOLVWFODVVLILHGDV&65EXW
E\WKHYHJHWDWLRQRQWKH1RUWKIDFHZDV6&65ZKLOHWKH6RXWKIDFHZDV665)LJXUH
7KLVFDQEHGHVFULEHGIORULVWLFDOO\WKH1RUWKIDFLQJURRIIHDWXUHGD6HGXPJURXQGFRYHU
EHQHDWKDGHQVHPHDGRZRIKHUEDFHRXVYHJHWDWLRQZKLOHWKH6RXWKIDFHFRPSULVHGDVLQJOH
OD\HURI6HGXPVVWUHVVWROHUDQWPRVVHVDQGUXGHUDOJUDVVHVRIWHQJURZLQJVSDUVHO\RYHUEDUH
DQGFUDFNHGVXEVWUDWH 
ヱヶ 
 
)LJXUH7KHIXQFWLRQDOFKDUDFWHURIWKHYHJHWDWLRQDW.LOOHVEHUJGLYHUJHGDFFRUGLQJWR
DVSHFW 
1HDUO\KDOIWKHRULJLQDOVSHFLHVZHUHORVWRQ.LOOHVEHUJLQFOXGLQJVRPHWKDWPLJKW
KDYHEHHQH[SHFWHGWRWKULYHJLYHQWKHLUULJRXULQXUEDQHQYLURQPHQWVHJ'LJLWDULD
VDQJXLQDOLV3ODQWDJRPDMRURURQJUHHQURRIVHJ$JURVWLVWHQXLV+LHUDFLXPSLORVHOOD
3RDFRPSUHVVD$IHZ6HGXPVSHFLHVZHUHREVHUYHGLQUHODWLYHDEXQGDQFHRQERWKDVSHFWV
6DOEXP6UXSHVWUH6VH[DQJXODUHDQGWKHJUDVVHV)HVWXFDRYLQD&656HWDULDYLULGLV
5DQG9XOSLDP\XURV5ZHUHSUHVHQWRQERWKDVSHFWVEXWEHVWUHSUHVHQWHGRQWKH1RUWK
IDFH 
4. 'LVFXVVLRQ 
4.1. 3HUVLVWHQFHORVVDQGJDLQ 
$VLPSOHDQDO\VLVRIIXQFWLRQDOWUDLWVLVXQOLNHO\WRSUHGLFWSHUVLVWHQFHE\RULJLQDO
VSHFLHVEXWLWFDQKHOSWRH[SODLQORQJWHUPVSHFLHVFRPSRVLWLRQ$OWKRXJKWKHJUHHQURRIV
VXUYH\HGZHUHVRZQZLWKPXOWLSOHVSHFLHVWKHVSHFLHVWKDWSHUVLVWHGGLVDSSHDUHGDQG
FRORQLVHGDOOH[KLELWHGDYDULHW\RIDGDSWLYHVWUDWHJLHVRIWHQLQFRPELQDWLRQ:KLOHLWLV
XQVXUSULVLQJWKDWVSHFLHVW\SLFDORIPHVLFPHDGRZVGLGQRWSHUVLVWRQWKHVHURRIVQHLWKHUGLG
VHYHUDOVSHFLHVGHULYHGIURPGLVWXUEHGZDVWHODQGVDQGURFN\KDELWDWVLQFOXGLQJUXGHUDO
   
  ヱΑ 
 
VWUDWHJLVWVDQGVWUHVVWROHUDWRUV7KHPDMRULW\RIUXGHUDOVSHFLHVLQWURGXFHGDWWKHRXWVHWPD\
KDYHGLVDSSHDUHGGXHWRDODFNRIUHJXODUGLVWXUEDQFHDQGWKHUXGHUDOVREVHUYHGWZHQW\\HDUV
ODWHUPD\KDYHEHHQVXFFHVVIXOQRWIURPKDYLQJIRUPHGSHUVLVWHQWSRSXODWLRQVRQWKHURRIV
EXWUDWKHUIURPUHJXODUUHSOHQLVKPHQWWKURXJKGLVSHUVDORURWKHUPHFKDQLVPV6SHFLHV
H[WLUSDWLRQIURPJUHHQURRIVFDQSHUKDSVEHDWWULEXWHGWRHIIHFWVWKDWRXUEULHIVXUYH\VFRXOG
QRWUHJLVWHUHJFDWDVWURSKLFGURXJKWV5XPEOHDQG*DQJHVSDWLDOHQYLURQPHQWDO
KHWHURJHQHLWLHV%XFNODQG1LFNVHWDORULQWHUVSHFLILFFRPSHWLWLRQIDFLOLWDWLRQ
+HLPDQG/XQGKROP%XWOHUDQG2ULDQV 
,QUHFHQW\HDUVDQQXDOVSHFLHVKDYHUHFHLYHGJURZLQJFRPPHQGDWLRQIRUWKHLUXVHRQ
JUHHQURRIV9DQ0HFKHOHQHWDO'XQQHWWDQGRXUVXUYH\VYHULI\WKDWUXGHUDO
VWUDWHJLHVIRUPDQLPSRUWDQWFRPSRQHQWRIPDWXUH(*5YHJHWDWLRQ&RORQLVLQJSODQWVDQG
PRVVHVILOOLQJDSVFUHDWHGE\GHDGRUG\LQJSODQWVWKHUHE\UHSODFLQJEDUHJURXQGZLWK
YHJHWDWLYHFRYHUZKLFKLVHVVHQWLDOIRUJUHHQURRIHFRV\VWHPVHUYLFHV/XQGKROP
6HHGEDQNPD\EHDQLPSRUWDQWUHVRXUFHIRUWKHPDLQWHQDQFHRIVSHFLHVGLYHUVLW\RQJUHHQ
URRIVRYHUWLPHWRR%XWWVFKDUGW.|KOHU.|KOHUDQG3ROO2OO\HWDO
*LYHQWKDWEDUHVRLOWKHUHTXLUHPHQWIRUFRORQLVDWLRQRIIHUVWKHORZHVWUHWXUQVRQ
PRVWHFRV\VWHPVHUYLFHVDQGSXWVWKHV\VWHPDWULVNRIHURVLRQZHDGYRFDWHSUHYHQWLQJWKLV
LQFLGHQFHE\VRZLQJDQDEXQGDQWSRRORIDSSURSULDWHVSHFLHVHQVXULQJHVWDEOLVKPHQWDQG
WKHQZHOFRPLQJFRORQLVHUVRQFHWKHYHJHWDWLRQKDVHVWDEOLVKHG)XWXUHZRUNH[SORULQJWKH
G\QDPLFVRIGHVLJQHGSODQWFRPPXQLWLHVVKRXOGFRPSDUHEDUHFRQWUROSORWVZLWKSODQWHG
UHSOLFDWHVDQGREVHUYHZKHWKHUWKHYHJHWDWLRQFRQYHUJHVUHJDUGOHVVRISODQWLQJRUWRZKDW
H[WHQWRULJLQDOSODQWLQJVGHWHUPLQHWKHQDWXUHDQGTXDOLW\RIYHJHWDWLRQGHYHORSPHQWRYHU
WLPH 
ヱΒ 
4.2. )XQFWLRQDOFKDUDFWHULVDWLRQRIPDWXUH(*5YHJHWDWLRQ 
2XUUHVXOWVFRQILUPWKDWJUHHQURRIYHJHWDWLRQVKLIWVWRZDUGVIXQFWLRQDOFRPSRVLWLRQ
GHILQHGE\VWUHVVWROHUDWRUVDQGUXGHUDOVSHFLHV.|KOHU&DWDODQRHWDOEXWDGG
WKDWFRPSHWLWLYHDQGVHFRQGDU\VWUDWHJLHVDUHDOVRLPSRUWDQWWUDLWV7KHSUHVHQFHRI&65
VWUDWHJLVWVLQWKHPDWXUHYHJHWDWLRQLQGLFDWHVWKDWPRGHUDWHVWUHVVDQGGLVWXUEDQFHSRVH
UHVWULFWLRQVRQFRPSHWLWLRQZKLOHWKH65DQG6&W\SHVLPSO\DQHYHQOLJKWHUFRPELQDWLRQRI
WKHVHSUHVVXUHV*ULPH/RQJWHUPSHUVLVWHQFHLQWKHIRUPRIFRPSDFWVORZJURZWK
DQGYHJHWDWLYHUHSURGXFWLRQDUHKDOOPDUNVRIWKHVWUHVVWROHUDWRUVWUDWHJ\*ULPHZKLOH
WKHUXGHUDOVWUDWHJ\LVW\SLILHGE\SHUVLVWHQFHLQWKHIRUPRIHLWKHUUDSLGDQQXDORUVKRUWOLYHG
SHUHQQLDOOLIHF\FOHVZLWKLQYHVWPHQWLQWRVHHGUDWKHUWKDQYHJHWDWLYHGHYHORSPHQW+DUSHU
7ZR\HDUVDIWHULQVWDOODWLRQFRPSHWLWLYHVSHFLHVRIILIWHHQVRGURRIVLQ+DQQRYHUKDG
GHFUHDVHGZKLOHZLQGGLVSHUVHGVSHFLHVKDGLQFUHDVHGDQGDQRWKHUWHQ\HDUVRQWKH
YHJHWDWLRQKDGVKLIWHGVXEVWDQWLDOO\WRVWUHVVWROHUDWRUVZKRVHVKRUWGLVWDQFHGLVSHUVDOZDV
DWWULEXWHGWRDQWV&DWDODQRHWDO$QWVZHUHREVHUYHGRQDOOWKHURRIVVXUYH\HGKHUH
WRR7KHUROHRIGLVSHUVDOPHFKDQLVPVDQGUHJHQHUDWLYHVWUDWHJLHVZLOOEHDQLPSRUWDQW
SDUDPHWHUWRLQFOXGHLQIXWXUHUHVHDUFKRQJUHHQURRIYHJHWDWLRQG\QDPLFV 
,QDGGLWLRQWRVXFFHVVLRQDOVKLIWVLQIXQFWLRQDOFRPSRVLWLRQZHLQTXLUHGZKHWKHU
XQPDQDJHGH[WHQVLYHJUHHQURRIYHJHWDWLRQHYHQWXDOO\DVVXPHVHPHUJHQWSURSHUWLHV,QRWKHU
ZRUGVGRHVPDWXUHURRIYHJHWDWLRQRQVLPLODUFRQVWUXFWLRQVFRPHWRH[SUHVVFRQVLVWHQW
FKDUDFWHULVWLFVUHJDUGOHVVRIORFDWLRQVXFKWKDWWKHGHJUHHRIFRPSOH[LW\LVJUHDWHUWKDQWKH
HIIHFWRILQGLYLGXDOVSHFLHV3RQJH"7KLVTXHVWLRQPDUNHGWKHRULJLQRIHFRORJLFDO
TXHU\RQYHJHWDWHGURRIVZKHUHE\WKHPHWKRGVRISK\WRVRFLRORJ\ZHUHDSSOLHGWRRYHU
VSRQWDQHRXVO\YHJHWDWHGWDUSDSHUJUDYHOURRIVLQ&HQWUDO(XURSH%RUQNDPP%RVVOHU
DQG6XV]ND'DULXVDQG'UHSSHU7KRPPHQ%XWWVFKDUGW$OWKRXJK
WKH6HGR6FOHUDQWKHWHD%U%HP7K0OOHUZDVFODVVLILHGIRUQHDUO\DOOURRIV
   
  ヱΓ 
 
WKLVLVWKHEURDGHVWFDWHJRULVDWLRQRQWKHFODVVLILFDWLRQKLHUDUFK\ZLWKWKHORZHVWUHVROXWLRQ
,QGHHGHYHQWKH3RHWXPDQFHSWLV3RDFRPSUHVVDHDVVRFLDWLRQZKLFKZDVFODVVLILHG
H[SOLFLWO\IRUWKLVURRIYHJHWDWLRQW\SH%RUQNDPPZDVUDUHO\VDWLVIDFWRULO\FRQILUPHG
EHFDXVHDWOHDVWRQHNH\VSHFLHVZRXOGEHDEVHQWZKLOHFRORQLVHUVZHUHWRRDEXQGDQW
%RUQNDPP'DULXVDQG'UHSSHU%RVVOHUDQG6XV]ND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+LOOHW
DOLWFRXOGEHWKDWWKHPHWKRGVRI%UDXQ%ODQTXHWRUFODVVLILFDWLRQLQJHQHUDO
DUHXQVXLWDEOHIRUXUEDQKDELWDWV)RU(*5VLQDQ\FDVHRXUVXUYH\VVXJJHVWWKDWYHJHWDWLRQ
ZLOOPRVWW\SLFDOO\GLYHUJHLQWRXQLTXHDVVHPEODJHVSHUURRIDQGWKDWFRQYHUJHQFHZRXOG
GHSHQGRQUHSOLFDWLRQVRIPXOWLYDULDWHIDFWRUVWKDWPD\LQFOXGHEXWDUHQRWOLPLWHGWRVSDWLDO
KHWHURJHQHLW\UHJHQHUDWLYHVWUDWHJLHVYDULRXVIRUPVRIFRPSHWLWLRQDQGVWRFKDVWLF
SKHQRPHQD 
4.3. 5ROHRIKHWHURJHQHLW\DQGPLFURFOLPDWHLQYHJHWDWLRQGHYHORSPHQW 
7KHVHREVHUYDWLRQVPLUURUWKHUHVXOWVRIV\VWHPDWLFVWXGLHVH[DPLQLQJ(*5YHJHWDWLRQ
LQURRISODWIRUPVRUUHSOLFDWHGSORWV5RZHHWDO'XQQHWWHWDODQGUHVRQDWH
ZLWKWKHUHFHQWVXJJHVWLRQWKDWVSDWLDOKHWHURJHQHLW\LVDPDMRUGULYHURI(*5YHJHWDWLRQ
FRYHUDQGJURZWK%XFNODQG1LFNVHWDO7RWKHVXJJHVWLRQWKDWJUHHQURRIGHVLJQ
VKRXOGFRQVLGHUPLFURFOLPDWHZKHQVHOHFWLQJSODQWVSHFLHV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WKLVVWXG\DJUHHVWKDWSODQWPL[HVVKRXOGFRQWDLQDUDQJHRIIXQFWLRQDOW\SHVDWWKHRXWVHW
EHFDXVHVPDOOVFDOHKHWHURJHQHLW\ZLOOQDWXUDOO\GLUHFWWKHYHJHWDWLRQWRZDUGVWKHEHVWVXLWHG
DVVHPEODJHVLQG\QDPLFSURFHVV,QDGGLWLRQREMHFWVFDVWLQJVKDGHRQWRWKHURRIVXFKDV
QHLJKERXULQJWUHHV.|KOHURUURRIVWUXFWXUHV%XFNODQG1LFNVHWDOPD\
GLYHUVLI\WKHYHJHWDWLRQZKHUHE\VKDGHORYLQJSODQWVFRH[LVWDORQJVLGHVSHFLHVRIKLJKOLJKW
HQYLURQPHQWV6RLILQFUHDVLQJIXQFWLRQDOGLYHUVLW\LQFUHDVHVWKHSURYLVLRQRIHFRV\VWHP
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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UDQJHRIHFRV\VWHPVHUYLFHVSURYLGHGE\WKHGLYHUVLW\DQGIXQFWLRQDOWUDLWVRISODQWVSHFLHV
DQGDVVHPEODJHV$OWKRXJKJUHHQURRIVODFNWKHFRPSOH[LW\RIPDQ\QDWXUDOV\VWHPVWKHLU
SRWHQWLDOUHSOLFDELOLW\FRXOGKHOSWRUHYHDONH\HFRORJLFDOSURFHVVXQLTXHWRWKHXUEDQUHDOP
ZKLOHSURYLGLQJYDOXDEOHVHUYLFHVDWWKHVDPHWLPH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SODQHWWKHQXQGHUVWDQGLQJWKHORQJWHUPSHUIRUPDQFHRIWKHLUYHJHWDWLRQDQGVXEVWUDWHVLV
LPSHUDWLYH,QVSLWHRIWKHVKLIWLQVSHFLHVDQGIXQFWLRQDOFRPSRVLWLRQRYHUWLPHWKHURRIV
VXUYH\HGVXSSRUWHGPXOWLOD\HUHGPHDGRZVZKHUH6HGXPVIRUPHGDFRQVLVWHQWJURXQGFRYHU
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YLVLRQKDVEHHQVXFFHVVIXO&RUUHVSRQGLQJO\WKHVDPHHFRORJLFDOGHVLJQSURFHVVVKRXOGEH
H[WHQGHGWRQDVFHQWJUHHQURRIPRYHPHQWVDQGLQGXVWULHVSDUWLFXODUO\ELRUHJLRQVZKHUHWKLV
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VHGXPVIXQFWLRQDOW\SHVLQYROYLQJUXGHUDOLW\DQGLQWHUPHGLDU\FRPSHWLWLYHIRUPVDUH
LPSRUWDQWFRPSRQHQWVRIUHVLOLHQWJUHHQURRIYHJHWDWLRQ+DYLQJREVHUYHGWKDWPDWXUHJUHHQ
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